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Case No. 3 

This white female first presented to a Dallas hospital at age 17 with 
complaints of fever, myalgias, and weakness of several weeks' duration. She 
was found to be anemic (Hgb 7.3) and jaundiced (bilirubin 12.7) and was 
hospitalized. A history of two years of declining performance in school and 
a one year history of emotional lability and depressive symptoms was 
obtained. Menses had ceased 5 months prior to admission. 

Initial laboratory evaluation showed Na 140, K 3.6, Cl 117, C02 25, BUN 
9, Creatinine 1.0, Ca 8.0, P04 1.6, uric acid 1.1 (normal 2.2-7.7), Hgb 7.3, 
WBC 8,500, reticulocyte count 9.4%, haptoglobin <5, direct and indirect 
Coombs negative, total bilirubin 12.7, direct bilirubin 7.1, alkaline 
phosphatase 32 (normal 45-110), LDH 233 (normal <225), SGOT 149, SGPT 10, 
total protein 5.21, albumin 2.3, prothrombin time 18.5 (control 11.4) . A 
liver-spleen scan showed slightly increased splenic uptake relative to the 
liver, but liver uptake was entirely homogeneous. Analysis showed 4+ 
glucosuria at a time when blood glucose was 147. Twenty-four hour urine 
collections demonstrated increased urinary amino acids. On the 6th hospital 
day a nephrology consultant suggested the possibility of Wilson's disease. 
Ceruloplasmin was <5, urine copper excretion was 2080 ~g/24 hours (normal 
0-30), and serum copper was 83 (normal 85 -155 ). No Kayser-Fleischer rings 
could be seen at bedside examinati on by an ophthalmologist. In the hospital 
the patient developed ascites and became agitated and confused. An EEG 
showed diffuse slowing consistent with metabolic encephalopathy. Mentation 
improved on lactulose therapy and D-penicillamine was begun. One year later 
on follow-up evaluation the patient felt well and reported successful 
completion of high school. Serum bilirubin was 0.2, alkaline phosphatase 
144, total protein 5.5, albumin 3.9, SGOT 52, SGPT 80, prothrombin time 10.5 
seconds, Hgb 13.1 and uric acid 4.3. 

Case No. 4 

This patient presented to Parkland Memorial Hospital at age 26 with a 
two week history of fatigue and abdominal discomfort. During the week prior 
to admission, jaundice, nausea and vomiting had also been noted. She 
reported that 10 siblings were in good health without known liver disease. 
On physical examination, jaundice and modest hepatomegaly were noted. 
Neurologic exam was within normal limits. On admission, glucose was 109, 
creatinine 1.3, Na 137, K 3.9, Cl 105, HC02 26, Ca 8.3, P04 0.9, Mg 1.2, 
uric acid 1.1, bilirubin 21 (direct 10), alkaline phosphatase 12 (normal 
25-95), SGOT 158, LDH 237, total protein 5.7, albumin 1.9, and prothrombin 
time 21. Urinalysis revealed trace glucosuria. Haptoglobin was <5, and 
glucose-6-phosphate dehydrogenase was deficient. Ceruloplasmin was 8 (normal 
20-60), urine copper 1967 ~g/12 hours (normal 15-50 ~g/24 hours), and 
Kayser-Fleischer rings were noted on slit lamp exam. D-penicillamine therapy 
was initiated and hemolysis resolved. Within three weeks bilirubin had . 
fallen to 3 mg%. After a slight initial rise, serum albumin remained stable 
at 2.5 mg% and prothrombin time became gradually more prolonged in spite of 
penicillamine therapy . Two months after initial presentation, the patient 
developed spontaneous bacterial peritonitis and sepsis and expired. At 
autopsy the liver was cirrhotic with ongoing hepatocyte destruction still 
apparent. Special staining revealed persistent copper within the liver. 
Examination of the brain was entirely normal. 
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Case No. 5 

This patient is a white female who at age 13 was noted to undergo a 
dramatic behavioral change. Whereas previously she had been an excellent 
student and active in a variety of extracurricular activities, her school 
performance began to decline, and she became a frequent chemical substance 
abuser (glue sniffing, marijuana, alcohol). Her previously regular menses 
became irregular, and at age 15 easy bruisability became apparent. At age 16 
she began to note left upper quadrant fullness and an enlarged spleen was 
noted . Upon h o spit a 1 i z at i on at another h o s p i t a 1 i n September 19 81 , a 
platelet count of 48,000, WBC of 2,300 and Hgb of 12~4 were noted. Pro
thrombin time was 13.3 seconds (contro l 12.2). Liver-spleen scan showed 
elevated uptake in a large spleen, with no comment of any abnormality in 
hepatic uptake . A bone marrow exam showed absent iron stores , erythroid and 
granulocytic hyperplasia, and the presence of megakaryocytes. A sp lenectomy 
was performed and at surgery a firm nodular liver was noted with biopsy 
showing a mildly active cirrhosis. At that time her bilirubin was 0.8, 
alkaline phosphatase 86 (normal 81), SGOT 35 (normal <20), SGPT 26 (normal 
17) and HBsAg was non-reactive . A gastroenterology consult was obtained and 
a recommendation was made that a1-antitrypsin levels and ceruloplasmin be 
measured. Ceruloplasmin level was 17 mg/dl (normal 15-60) and a1-antitrypsin 
level was normal. The patient was advised to abstain from alcohol and no 
further evaluation was pursued. Six months later on repeat laboratory 
evaluation, the albumin was 2. 7, uric acid 1.7 (normal 2.2-9.0), and SGOT 
111. During the next month the patient visited Emergency Rooms on at least 
two occasions complaining of "spasms" in the arms and l egs which were 
treated with Robaxin™ and Valium™. After consulting a new internist, the 
patient was referred to this institution . She was noted to have Kayser
Fleischer rings, a prothrombin time of 20.8 seconds (normal 12.1 seconds), a 
bilirubin of 0.9, alkaline phosphatase of 173, SGOT of 74, albumin 2.9, 
total protein 6.4, ceruloplasmin 14.2 (normal 20-60) and urine Cu 748 ~g/24 
hours. Psychological testing showed normal IQ, but impaired reasoning and 
reality testing were noted . The diagnosis of Wilson•s disease was made and 
0-penicillamine therapy was initiated. 

Case No. 6 

This white male was the younger brother of patient No.2. After the 
discovery of Wilson•s disease in three of his 11 siblings, he was evaluated 
at age 11 and was found to have a normal physical exam with no Kayser
Fleischer rings. Ceruloplasmin was 22.4 (normal 18-35) but his rate of 
radiocopper incorporation into ceruloplasmin was very low . 

The patient was initially felt to be a heterozygous carrier of the 
Wilson•s disease gene, but 18 months later he returned with complaints of 
frequent epistaxis and was found to have hepatosplenomegaly. Repeat cerulo
plasmin was 25.2 but urine copper was 300 pg/24 hours (normal 0-10), serum 
bilirubin 0.8, alkaline phosphatase 24.3 (normal 1.5-4.0), total protein 
7.8, albumin 4.5, SGOT 73, prothrombin time 10 seconds (control 12 seconds), 
and uric acid 2.3. On liver biopsy cirrhosis, fatty metamorphosis, and an 
elevated 1 iver copper were found. 0- penicillamine therapy was initiated but 
the patient was not compliant. In adulthood the patient discontinued 
penicillamine therapy completely on several occasions. After one such 
occasion, severe hepatic failure ensued and the patient died at age 36. 
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Introduction 

The syndrome of 11 progressive lentricular degeneration .. was described 
initially by Samuel Alexander Kinnier Wilson in 1912 (1) and an adequate 
therapy for this rare inherited disease was reported by John Walshe more 
than 25 years ago (2,3). The major problem which this disease poses for the 
practicing physician in 1985 is one of diagnosis. It has been estimated that 
this disease is of such rarity that an average physician might have the 
opportunity to make the initial diagnosis in at most one case of Wilson•s 
disease during a 40 year career (4). Yet, because of its protean manifesta
tions, Wilson•s disease . must be considered frequently in the diagno stic 
evaluation of a wide variety of patients. This disease, in contrast to many 
of the hepatic, neurologic or psychiatric diseases from which it must be 
distinguished is treatable. Therefore, it is indeed a tragedy when the 
diagnosi s is delayed or missed. While the diagnostic tests necessary to 
detect Wi lson•s disease have been routinely available for more than two 
decades, it has been estimated that more than 75% of affected patients in 
this country remain undiagnosed (5). Thus, Wilson•s disease is an entity 
with which the physician must be frequently concerned. Yet such vigilance 
will only rarely be rewarded by the successful diagnosis and therapy of an 
otherwise fatal disease. 

History 

Descriptions of patients with Wilson•s disease first appeared in the 
literature as early as 1861 (6) and by the 1880 1 s , the term 11 pseudoscle
rosis11 had been adopted by Westphal (7) and Strumpell (8) to describe the 
tremulous neurologic manifestations of what was to be defined subsequently 
as W i 1 son • s d i seas e . K ay s e r i n 19 0 2 ( 9 , i n a p at i en t w i t h .. m u lt i p 1 e 
sclerosis 11

) and Fleischer in 1903 (10, in patients with 11 pseudosclerosis 11 ) 
described the pigmented corneal rings which now bear their names . However, 
the story of Wilson•s disease rightfully begins with the over 200 page 
monograph entitled 11 Progressive lentricular degeneration: A familial nervous 
disease associated with cirrhosis of liver .. (1) in which Samuel Alexander 
Kinnier Wilson defined a rare familial disease of adolescents and young 
adults which was manifested by involuntary movements, spasticity, dys
arthria, and a progressive and inevitably fatal course. Wilson recognized 
both the bilateral , symmetrical softening of the lentricular nucleus in the 
brain and cirrhosis of the liver as being the pathologic hallmarks of this 
disease and even speculated that a 11 toxin ... associated with the hepatic 
cirrhosis .. might be the causative agent. However, his wr i tings tended to 
emphasize the primary neurologic involvement and to minimize the importance 
of psychiatric or hepatic symptomatology. He also never recognized the 
importance of corneal pigment rings in his patients. 

In 1916 Bramwell (11) first suggested that patients with Wilson•s 
disease might present with and even die of liver disease in the absence of 
neurologic symptomatology. The association of excess hepatic copper with 
Wilson•s disease was first described in 1913 by Ringold (12), and copper 
deposition in the brain (13) and cornea (14) were first described in 1929 
and 1934, respectively. 
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In 1945, Sir Rudolph Peters and co-workers at Oxford designed British 
anti-Lewisite (BAL, 2,3-dimercaptopropanol) as an antidote against the 
arsenical war gas, Lewisite. Three years later Mandelbrote et al (15) noted 
increased urinary copper excretion in a patient with Wilson•s disease and 
observed that BAL further increased the cupriuresis. This led Cumings (16) 
to propose BAL as a therapeutic agent for this disease, and shortly there
after at least limited benefit of copper chelation therapy was documented 
(17,18). In 1952 Scheinberg and Gitlin (19) and Bearn and Kunkel (20) 
independently confirmed the deficiency of the serum copper-protein cerulo
plasmin in patients with Wilson•s disease. 

With the measurement of serum ceruloplasmin levels, urine copper 
excretion and detection of excess hepatic and brain copper levels it became 
apparent that the neurologic syndromes of Westphal and Strumpell and of 
Wilson were indeed a single disorder of copper metabolism. In 1956, John 
Walshe described the successful use of penicillamine therapy for this 
disease (2,3) and by 1967, Scheinberg and Sternlieb had accumulated clinical 
data suggesting that administration of D-penicillamine not only reversed or 
stabilized the course of patients with symptomatic Wilson•s disease but also 
prevents the development of the signs and symptoms of this disorder in 
asymptomatic individuals (21). 

Pathogenesis 

In his original monograph, Wilson (1) observed that hepatolenticular 
degeneration was familial. In 1921, Hall noted that the disease commonly 
presented in siblings but not their parents (22). By 1953, Bearn (23) had 
suggested that the disease was inherited by an autosomal recessive mode and 
he later confirmed this hypothesis after extensive analysis of 30 sibships 
( 24) . 

The belief that copper toxicity accounts for the clinical manifesta
tions of this illness is based on a variety of observations. It is apparent 
that Wilson•s disease is always associated with excessive hepatic copper 
accumulation (4,21). Clearly, excess copper is toxic . Acute copper poisoning 
in man (25) causes hepatic necrosis, hemolysis, and renal tubular damage, 
and in sheep (26) chronic copper intoxication causes both hemolytic crises 
and hepatic damage. Many candidate mechanisms for copper-induced cell 
necrosis have been proposed (recently reviewed by Scheinberg and Sterlieb, 
4). In particular, excess copper has been shown to deplete glutathione, to 
inhibit many enzymes including glucose-6-phosphate dehydrogenase, catalase, 
and microsomal membrane ATPase, and to damage lysosomes and mitochondria. 
Finally, treatment of the copper overload with a variety of chelating agents 
(2,3,17,18,21,27,28) or with oral zinc therapy (29) has prevented (21), 
reversed or stopped the progression of the neurologic, psychiatric, hepatic, 
renal and hematologic manifestations of this disease. 

The central role of the liver in the pathogenesis of Wilson•s disease 
has been suggested by the clinical observation that some degree of hepatic 
damage always precedes extrahepatic manifestations of the disease (4). It 
has been confirmed by the observation that severe neurologic defects 
improve, Kayser-Fleischer rings disappear, and serum ceruloplasmin levels 
and hepatic copper stores remain normal in patients with Wilson•s disease 
after hepatic transplantation (30). Following the discovery of hypocerulo-
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plasminemia in Wilson's disease, it was suspected that deficiency of this 
copper-carrying protein might be the cause of hepatic copper overload. 
However, a large body of subsequent data argues against a deficient or 
structurally defective ceruloplasmin being the basis of copper overload and 
the clinical manifestations of this disease. 

It is clear that by both functional and immunologic assays, a minority 
of patients with Wilson's disease have normal ceruloplasmin levels which may 
persist for many years during which their disease progresses (4). Indeed, 
such individuals frequently occur in kindreds in which other individuals 
have ceruloplasmin deficiency (as seen in case histories No. 2 and 6). 
Furthermore, heterozygote carriers of the Wilson's gene can have cerulo
plasmin levels as low as their affected siblings without demonstrable 
disease. A kindred with a non-autosomally recessive hypoceruloplasminemia 
has also been described in which no manifestations of Wilson's disease were 
observed (31). Finally, the gene for Wilson's disease has recently been 
assigned to chromosome 13 by its close linkage to the esterase D locus, 
whereas the gene for ceruloplasmin appears to be located in chromosome 3 
( 32) . 

Normals 
I.OmQidOy - .~ 

Wilson's Disease 

Ceruloplasmin 
Bound 

Serum Copper 

-0.2 - 0.4 mol day ,•ow. 

Normals·2mt;~ld 

Wilson's- 1.2-1.4 mold 
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I.Omg lday 
Lost with 
sheddino of 
epithelia l cells 

Figure 1. Copper homeostasis in normal man and in Wilson's disease. 
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Wilson's· >0· 1 mold 
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The two fundamental disturbances of copper metabolism which do appear 
to be consistently present in Wilson•s disease are (1) a marked reduction in 
the rate of incorporation of copper into ceruloplasmin (33-35), and (2) a 
considerable reduction in biliary excretion of copper (36-39). As outlined 
in Figure 1, normal copper homeostasis depends on a balance between intes
tinal absorption and biliary excretion. In normals, 30-50% of ingested 
copper is absorbed in the stomach and duodenum and appears in serum within 
1-2 hours (25,33,34). This non-ceruloplasmin capper is bound largely by 
albumin, amino acids, or small peptides and is cleared rapidly by the liver 
(25,33). Both af these steps in initial copper transport are normal in 
Wilson•s diseases, but as shown in Figure 2, whereas newly absorbed copper 
begins to appear in serum as part of the cerurloplamin molecule within 
several hours in normal subjects, even over a period of days virtually no 
incorporation of newly absorbed copper into ceruloplasmin is observed in 
Wilson•s disease. Furthermore, in Wilson•s disease biliary excretion of 
copper is reduced, whereas urinary excretion, which is a minor route of 
copper loss in normals, is increased in symptomatic patients with this 
disease. The genetic defect which causes these abnormalities in hepatic 
copper metabolism remains a mystery. Furthermore, recent demonstration of 
abnormal copper accumulation within cultured dermal fibroblasts of Wilson•s 
disease patients (40 ,41 ) raises the possibility that extrahepatic copper 
metabolism may be defective as well in this disease. 
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Figure 2. Radiocopper incprporation in normal man and in Wilson•s disease. 
Serum concentrations of 64cu in serum was measured at intervals following 
ingestion of 2.0 mg of radiocopper (modified from Sternlieb et al, ref. 34). 
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Clinical and Pathologic Manifestations 

Hepatic Manifestations 

Our understanding of the protean hepatic manifestations of Wilson's 
disease has increased greatly over the past 3 decades. During the first half 
of this century, Wilson's disease was considered to be a neurologic disease 
associated with an inactive and rarely symptomatic cirrhosis. While cases of 
hepatic Wilson's disease without neurologic manifestations were recognized 
as early as 1916 (1), it was not until the reports of Chalmers et al (42) in 
1957 and Walshe ( 43) in 1962 that it was realized that such a presentation 
was not a rarity and indeed, hepatic manifestations were likely to be part 
of initial symptomatology in nearly 50% of patients. 

Scheinberg and Sternlieb have desc ribed portal fibrosis on liver biopsy 
in an asymptomatic 3 1/2 year old with Wilson's disease (4) and Stillman et 
al diagnosed this disease in an asymptomatic child after discovering a 
persistent transaminasemia and fatty liver at age 4 1/2 (44). However, 
symptomatic liver disease has not been reported prior to age 5 (4 ,45). In 
early childhood, the most common presentation (24% of Scheinberg and 
Sternlieb's patient series, 4) is of an acute, self-limited hepatitis which 
is ascribed most commonly to viral hepatitis, or because of the high 
frequency of splenomegaly, to infect i ous mononucleosis (4,46) . As demon
strated by case histories No. 3 and 4, in some adolescent patients and the 
occasional adult patient, the initial manifestation is of a much more 
fulminant variety. In patients with acute hepatic presentations, the 
laboratory features which tend to distinguish this disease from other causes 
of acute hepatitis include (1) relat i vely modest transaminase elevations 
which are rarely >400 u/1 (4,47); (2) low hemoglobin levels secondary to a 
Coombs' negative hemolytic anemia; (3) associated renal tubular dysfunction· 
manifested by hypouricemia, hypophosphatem ia, or glucosuria; (4 ) and as 
noted in both patients No. 3 and No. 4, the serum alkaline phosphaase value 
is frequently inappropriately low (48). As outlined in the course of patient 
No. 4, even with prompt diagnosis and therapy the patients presenting with 
severe acute liver failure frequently die within 1-8 weeks of presentation 
(4,47 ,50,52 ); indeed, patient No. 3 represents a rare case of survival in 
patients with fulminant hepatic failure secondary to Wilson's disease 
( 4,47 ,48). 

In many patients a more insidious presentation is observed with 
symptoms such as malaise, fatigue, polyarthralgias, amenorrhea, delayed 
puberty, gynecomastia, low-grade jaundice , epistaxis, hematemesis or ascites 
(49-51 ). There is nothing in the history or routine laboratory profile of 
such patients which helps to distinguish them fr om other forms of chronic 
active liver disease other than the chance discovery of renal tubular 
defects. Upon evaluation, unless proper measurements of copper metabolism 
are performed, such patients initially are diagnosed frequently as having 
chronic viral or drug-induced hepatitis or cryptogenic or alcoholic 
cirrhosis. 

Finally, in the majority of patients with Wilson's disease, virtually 
no symptoms of liver disease can be obtained although essentially all 
patients greater than several years of age have discernible hepatic abnor
malities on biopsy (4), and as first noted by Wilson, all patients with 
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neurologic manifestations have been found to already have an established 
cirrhosis. It is of interest that hepatocellular carcinoma appears to be a 
much less common complication of cirrhosis in Wilson's disease than in other 
forms of cirrhosis (53 ,54 ) . However , as in other causes of cirrhosis, an 
increased incidence of cholelithiasis is seen in association with Wilson's 
disease (55). 

The histologic abnormalities present in liver biopsy specimens of 
patients with Wilson's disease rarely if ever are pathognomonic . Rather, 
depending on the stage at which a biopsy is obtained, a wide var iety of 
lesions have been described which on light microscopy cannot readily be 
distinguished from those seen in other varieties of liver disease . From data 
obtained from serial biopsies in individual patients or from single biopsies 
obtained from each of many patients evaluated at different stages of their 
disease, the sequence of pathologic damages in the liver has been character 
ized (56 ). In early childhood, the earliest abnormality is fatty infiltra
tion which is first manifest as fine lipid droplets but which evolves into a 
hepatic steatosis resembling that caused by ethanol. Eventually Kupffer cell 
hyperplasia, mononuclear cell infiltrates, and portal fibrosis develop . In 
patients who develop the acute hepatitis of Wilson's disease, sparse 
lymphocytic infiltration, varying degrees of cholestasis, and acidophilic or 
Councilman bodies are seen . Again, this pattern is indiscernible from that 
seen in drug-induced or viral hepatitis. In patients with chronic active 
liver disease, ballooning of hepatocytes, eosinophilic clumping of hepatic 
cytoplasm, glycogen nuclei, and both mononuclear and polymorphonuclear 
leukocyte infiltration with erosion of marg inal plates is seen. In patients 
with a more fulminant course, microvesicular fat, occasional giant cells, 
and Mallory's cytoplasmic hyalin are often seen. Finally, whether after a 
course of symptomatic chronic liver disease or a variable number of years of 
silent liver disease, a cirrhosis evolves. The cirrhosis of Wilson's disease 
is characterized by irregularly sized nodules separated by fine bands of 
fibrous tissue. Frequently, scattered fat droplets and lipofuscin pigment 
granules are seen. 

The only distinctive pathologic findings within the liver in Wilson's 
disease are the presence of a pathognomonic mitochondrial abnormality early 
i-n the course of the disease, and the invariable presence of increased 
hepatic copper. The mitochondrial abnormality can be detected only by 
electron microscopy and is characterized by the appearance of large pleo
morphic mitochondria with increased matrix density. The inner and outer 
mitochondrial membranes are separated by intermembranous spaces and large 
granules with crystallinea vacuolated, or dense inclusions appear in the 
matrix. These abnormal mitochondria disappear spontaneously as cirrhosis 
evolves, or have an apparently accelerated rate of disappearance with 
institution of penicillamine therapy (57). 

A variety of stains, including rhodanine, rubeanic acid, or Timm's 
silver sulfide can detect excess copper in the liver. However, while hepatic 
copper stores are highest early in the disease, at this stage because the 
copper is diffusely present throughout the cytoplasm, the specific copper 
stains (rubeanic acid and rhodamine) are generally negative. Only later in 
the course of the disease, as the excess copper becomes concentrated within 
the lysosomes (58), are histochemical stains from copper routinely positive. 
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Neurologic Manifestations 

In modern series of patients with Wilson's disease, approximately 40 
per cent initially present with neurologic manifestations (4,45). The age of 
onset varies widely (ages 6-46, ref. 4,45,59) and while almost all patients 
eventually develop both tremors and dystonia, two very different clinical 
presentations and courses have been recognized: the dystonic form of Kinnear 
Wilson and the pseudosclerotic form of Westphal and Struempell. The dystonic 
form presents in a younger age group and runs a rapid course with death in 
less than 5 years in the absence of therapy. In the pseudosclerotic form 
"wing beating" tremors are the major symptom, a later age of onset is seen, 
and the disease is more slowly progressive with survival in untreated 
patients occasionally extending over several decades (4,45,54,60). 

In individual patients a single neurologic symptom may appear and 
predominate for months or years before the full syndrome evolves. 

TABLE I 

Common Initial Neurologic Symptoms of Wilson's Disease 

1. Tremor -may be resting or intention tremor 
2. Drooling 
3. Dysarthria 
4. Diminished dexterity, altered handwriting 
5. Muscle cramps evolving into rigidity of arms, legs or mouth 
6. Gait disturbances 
7. Choreiform movements 
8. Major motor seizures 

As the syndrome progresses, the dystonic patients frequently develop a fixed 
grin, titubation, severe dysarthria, and fixed dystonic postures which leave 
them bedridden. In the pseudosclerotic patients, the postural tremors may 
become so forceful as to cause injury and wild ballistic movements are 
occasionally seen. 

On examination of patients with neurologic involvement, it becomes 
apparent that motor disability is almost entirely on the basis of cerebellar 
or basal ganglion dysfunction with no muscle atrophy or weakness. Sensory 
involvement is notably absent (4,45) and despite the fact that patients are 
frequently perceived to be mentally retarded, intelligence appears to 
generally remain normal until late in the disease (4). 

It is of interest to note that, as is the case with hepatic involve
ment, the course of the neurologic disease often appears to fluctuate. 
Spontaneous remission can occur or acute febrile exacebations can cause 
rapid decompensation. The basis for the circumscribed nature of the neuro
logic syndro~e is unclear, since excess copper is present in all areas of 
the brain with no increased concentration at the sites of pathology (4). On 
gross examination of the brain, the putamina are invariably involved, often 
with frank cavitation (1). The lateral and third ventricles are frequently 
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enlarged secondary to atrophy of the basal ganglia. In approximately 10% of 
cases, there is destruction of white matter and degeneration of the cortex 
which may be more marked than the changes in the basal ganglia. These 
cortical changes are most frequently present in the frontal lobes (61). On 
light microscopy, the most striking change is a diffuse proliferation of 
Alzheimer Type II glia in the putamina, globus pallidus, and caudate 
nucleus. As in the liver, stains for copper may be negative because it is 
diffusely distributed. 

Psychiatric Manifestations 

In his original monograph, Wilson described 11 psychical symptoms 11 in 8 
of 12 patients. In modern series, from 10 to 25 per cent of patients have 
psychiatric manifestations as part of their initial presentation with many 
other patients developing such disturbances during the course of their 
illness. As demonstrated by case histories No. 3 and 5, among younger 
patients a general learning disability in school is often the first symptom. 
Shortly therafter, behavioral disturbances characterized by impulsivity, 
violence, exhibitionism, emotional lability and occasionally frankly 
criminal behavior may be seen. Clearly, in light of the diffuse distribution 
of excess copper in the brain and the frontal lobe predilection of cortical 
lesions (61), there is reason to believe that organic dementia is the basis 
of these psychic manifestations. However, agnostic, apraxic and aphasic 
phenomena are rarely present, and memory remains intact. Other neurologic 
manifestations may be absent or ascribed to behavioral disturbances, and 
thus the organic basis of the clinical syndrome is rarely appreciated. Even 
in formal psychometric testing, scores on intelligence tests are within the 
normal range. However, with treatment, improved performance on such tests 
can be demonstrated (62). Furthermore, in many patients combinations of 
paranoid delusions, depressive symptoms and suicide attempts often lead to 
initial diagnosis of manic-depressive disease, depression, or schizophrenia 
(4,45). As neurologic manifestations appear, clearly many psychiatric 
symptoms are secondary to the disfiguring nature of a d·isease which can 
cause drooling, abnormal facial expressions and bizarre movement disorders. 

Ophthalmic Manifestations 

Despite the deposition of excess copper throughout all ocular struc
tures in Wilson•s disease, vision is not significantly affected (4). 
However, ocular abnormalities are of great diagnostic value because of their 
frequency and ease of detection. The rings initially described by Kayser and 
Fleischer more than 80 years ago are caused by deposition of copper in 
Descemet•s membrane (14). They first appear as a crescent in the superior 
corneal quadrant, followed by an inferior crescent and ultimately become 
circumferential golden or greenish-brown rings. After therapy, they dis
appear in reverse fashion. They can frequently be appreciated in room light 
in individuals with pale irises. However, slit lamp exam is required to see 
early rings and to be certain of localization of pigment to Oescemet•s 
membrane and therefore distinguish them from an arcus senilis or from 
corneal pigmentation by bilirubin. A much less frequent manifestation of 
ocular copper deposition is the sunflower cataract. This is a golden, 
greenish or gray spoke-like opacity caused by copper deposition in the 
anterior and posterior lens capsule. 
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Renal Manifestations 

Amino aciduria was first recognized as a common feature of Wilson's 
disease in 1948 (64). Over the next decade, enough other renal tubular 
defects were identified to demonstrate that Wilson's disease is a cause of 
the Fanconi syndrome (65). Fanconi • s syndrome is invariably seen in the 
setting of high urinary copper excretion (15) and high copper concentrations 
within the kidney (4), and these renal tubular defects are at least 
partially reversed by penicillamine therapy (66). Thus, this syndrome 
appears to be caused by copper toxicity within the kidney. In contrast to 
other causes of Fanconi 's syndrome, in Wilson's disease bicarbonate and 
potassium loss is modest whereas calcium and urate wasting are more promi
nent (15) . Excess urinary losses of glucose, phosphate, and amino acids are 
also observed. Rarely, urinary stones, nephrocalcinosis, or gross hematuria 
are see n , and on pathologic examination of the kidney, microscopic deposits 
of calcium within the tubules are the most common finding. Rubeanic acid 
staining has shown copper deposits in the tubular epithelium of patients 
with Wilson's disease (4) . 

In the absence of hepatic failure, azotemia has never been described 
and acidosis, when present, is always mild. In addition to evidence of renal 
tubular defects, gross hematuria, though rare, can occur early in the 
disease and occasionally is the first manifestation (4). Some patients with 
Wilson's disease have also initially presented with vitamin D resistant 
rickets (4,64). 

Hematologic Manifestations 

The most common hematologic manifestations of Wilson's disease are 
hemolytic anemia and thrombocytopenia. Evaluation of thrombocytopenia (as in 
case history No. 5) inevitably reveals that it is due to congestive spleno
megaly secondary to cirrhosis and portal hypertension. The hemolytic anemia 
seen in Wilson's disease is usually seen in association with acute, often 
fulminant liver disease (4,45,47). However, in some cases it may be the 
major presenting symptom (4,67). Further investigation in such cases, 
however, usually reveals active liver disease as well. When measured, both 
excess free serum copper and excess urinary copper have been seen, thus 
suggesting that the mechanism is similar to that seen in acute copper 
intoxication (26,67) . 

Skeletal Manifestations 

The most common rheumatologic complaints of patients with Wilson's 
disease are of pain, stiffness and decreased mobility of the back, knees, 
legs, and wrists (68}. Radiologic evaluation most commonly reveals osteo
porosis, osteomalacia, milkman pseudo fractures, premature degenerative 
arthritis, and an unusual pattern of bone fragmentation at joint margins of 
the hands, wrists, knees, and ankles (68-71 ). All of these changes have been 
demonstrated in young patients prior to therapy (68,69), but other joint 
manifestations such as joint hypermobility and acute polyarthritis have been 
reported largely in patients on penicillamine therapy and are likely to 
represent drug toxicity (68). Since excess copper often cannot be demon
strated in the synovial tissue of involved joints (72) and the joint and 
bony manifestations tend to progress in spite of therapy (4), there is 
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reason to doubt that direct copper toxicity plays a role in these les i ons. 
Obviously, hypercalciuria and hyperphosphaturia caused by the renal tubular 
lesions of Wilson's disease may play a prominent role in causing bony 
demineral i zation. It is of interest that occasiona l ly bone or joint mani 
festations are the presenting symptoms which lead to the initial di agnos is 
of Wilson's disease (45). 

Involvement of Other Organs 

Rare cases of patchy melanotic pigment at ion of the skin over the dorsum 
of the feet and shins have been reported. It has been speculated t hat they 
may be secondary to copper activation of the enzyme tyrosinase, which is 
necessary for melanin synthesis (4,45). Azure lunulae of the fingernail s 
have also been des cribed but appear to be very rare (73). In contrast to 
hemochromatosis, Wilson's disease, while associated with excess copper 
deposition in the heart, is not associated with excess copper deposition in 
the pancreas , nor is this disease clearly associated with any car diac or 
pancreatic manifestations (4). It has been suggested, however, that hypopar a
thyroidism may be rarely associated with Wilson's disease (74). 

Diagnosis of Wilson's Disease 

Phenylketonuria, maple syrup urine disease and galactosemia are inborn 
errors of metabolism which have prevalence rates of one per 12 ,000 ; one per 
216,000; and one per 62,000, respectively, in the U.S . Because each is 
treatable, neonatal screening programs for detection of these diseases have 
been recommended (75) and are currently established for each of these 
diseases in at least some communities in this country. The first calculated 
estimate of the prevalence of Wilson's disease suggested a frequency of one 
case per million, but the author admitted that his own impression of the 
frequency of this disease in New York City suggested that the frequency must 
be somewhat higher (76). In 1968, Sternlieb and Scheinberg estimated that 1 
in 200,000 individuals in the general population had Wilson's disease and 
therefore 1 in 224 were heterozygous carriers (21) . However, over the next 
decade the number of deaths in the United States repor t ed to be due to 
complications of Wilson's disease was one per 77,000 . Since the diagnosis of 
Wilson's disease is so frequently missed, most authorities suspect that this 
estimate must also be far below the true value (4). Over the past dec ade, 
two population studies, one in East Germany (77) and one in Japan (78) 
calculated the frequency of the disease to be one per 34,500 and one per 
30,000, respectively, giving a gene frequency of approximately 0 .54 per 
cent. Thus, Wilson's disease occurs at a frequency similar to that of other 
treatable inborn errors of metabolism for which mass neonatal screening has 
been found to be extremely cost effective (75). However, at birth the human 
neonate has far higher hepatic copper levels and far lower serum cerulo 
plasmin levels than the adult (25), and detection of Wilson's diseas e is 

· impossible until the infant has reached at least 6 months of age. Further
more, because of the difficulty in establishing the diagnosis of Wilson's 
disease, screening studies are likely to be more expensive than those which 
are currently established (78). 
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Therefore, at present diagnosis of this disease relies on the ability 
of physicians to suspect the disease in symptomatic patients. Obviously, the 
disease must be suspected in any young individual who has some combination 
of dystonia, tremor, behavioral disorders, Fanconi 's syndrome, premature 
degenerative arthritis, Coombs' negative hemolytic anemia or chronic liver 
disease. When multiple features of this symptom complex are present in the 
same individual, the diagnosis should be straightforward once the physician 
considers the possibility of Wilson's disease. However, most individuals 
initially only have a single predominant symptom or sign (4,45), and if 
these individuals are to be promptly diagnosed, physicians will need to 
consider Wilson's disease in the differential diagnosis of a large number of 
patients. When the data from Walshe's series of 112 patients (4 5) and 
Sternlieb and Scheinberg's series of 151 patients (4) is examined, only 5.8% 
of symptomatic patients did not have obvious signs or symptoms of hepatic or 
neuropsychiatric disease. These patients presented with hematuria, renal 
stones, joint pains or anemia. However, as in the case of patients with 
neurologic disease, some degree of hepatic pathology- usually an inactive 
cirrhosis- is invariably present (1 ,4 ) . Thus, in patients presenting with 
suspected extrahepatic manifestations of Wilson's disease, examination of 
laboratory tests for evidence of liver disease is a logical first step. It 
must be remembered, however, that abnormalities in liver enzymes may be very 
subtle or not apparent at all (see case history No. 1) in such patients, and 
if clinical suspicion of Wilson's disease is raised, absence of grossly 
abnormal liver functions should not prevent further investigation. 

Clearly, hepatic and neuroposychiatric manifestations are the most 
common presentations of this disease, and since they are the most common 
cause of death in untreated Wilson's disease, they warrant the most urgent 
investigation (1,4,45). As shown in Figure 3, in the series of Walshe and of 
Sternlieb and Scheinberg, patients with hepatic presentation tended to be 
younger than those with neurologic manifestations (patients with hemato
logic, renal, or rheumatic presentations had age distributions similar to 
those with hepatic presentations). In these series, all patients with liver 
disease had initial manifestations prior to age 35, and all those with 
neuropsychiatric manifestations had onset prior to age 45. However, it 
should be noted that these cases are plotted according to age of initial 
symptomatology. Many patients either do not present for medical evaluation 
immediately or commonly may be misdiagnosed initially. Therefore, the ages 
at which a physician might have the opportunity to evaluate such patients 
often tend to be somewhat older. Furthermore, as shown in Table II, there 
are recent reports of patients who did not have initial hepatic or neuro
logic manifestations until their 5th or 6th decade. 
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INITIAL MODE OF CLINICAL ONSET OF 
WILSON'S DISEASE AS A FUNCTION OF AGE 
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Figure 3. Initial mode of clinical onset of Wilson•s disease as a function 
of age. Data is based on patient series reported by Scheinberg and Sternlieb 
(4) and Walshe (45). 
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TABLE II 

Case Reports of Late-Onset Wilson•s Disease 

Author Initial Clinical Age at Age at 
Manifestation Presentation Diagnosis 

Denny-Brown (60) Cirrhosis, Age 48 48 48 

Czlonkowska (59) 
Proband Tremor, Age 46 47 47 
Sibling No. 1 Depression, Age 38 41 41 
Sibling No. 2 Jaundice, Age 40 45 45 
Sibling No. 3 K- F rings, Age 53 53 53 

Fitzgerald ( 79) CAH, Age 55 55 57 

Madden et al (54) Tremor, Age 35 51 61 

In devising diagnostic strategies for evaluating patients for Wilson•s 
disease, it is important to consider the limitations of the available 
measures of copper metabolism. There are six standardized diagnostic tests 
which are currently used: 

1. Ceruloplasmin. This is a 132,000 molecular weight protein which 
contains 6 copper atoms. In in vitro assays it can be shown to exhibit 
varying degrees of oxidizing activity toward aromatic amines, phenol, 
cysteine, ferrous iron, and ascorbic acid, and to inhibit lipid peroxidation 
(4,26). It has been proposed to function physiologically as a ferroxidase, 
important in transfer of iron from ferritin to transferrin, as a specific 
donor of copper for the synthesis of cytochrome C oxidase, and as a 11 Copper 
transport .. protein (4,26). However, these putative physiologic functions are 
questioned by the apparent lack of anemia or any other metabolic dysfunction 
in adequately treated Wilson•s disease patients who may maintain undetect
able plasma ceruloplasmin levels for decades. It is clear that ceruloplasmin 
responds in vivo as an acute-phase reactant, and in normal individuals its 
plasma levels rise during a variety of inflammatory conditions. Its syn
thesis also increases in response to elevated estrogen levels. As a protein 
synthesized in the liver, its concentration falls during severe liver 
failure and during various copper and protein deficiency states as outlined 
i n Tab 1 e I II . 
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TABLE III 

Conditions Which Alter Serum Ceruloplasmin Levels (4) 

Increased Ceruloplasmin 

Pregnancy 
Estrogen Therapy 
Aute Infection 
Active Liver Disease 
Rheumatoid Arthritis 
Other "Chronic Inflammatory 

Diseases 11 

Neoplasm 

Decreased Ceruloplasmin 

Neonatal State 
Menke•s Disease 
Malnutrition 
Nephrotic Syndrome 
Protein-Losing Enteropathy 
Sprue 
Copper Deficiency 
Severe Hepatic Failure 
Wilson•s Disease 

- 93% homozygotes 
- 20% heterozygotes 

Hereditary Hypoceruloplasminemia 

Following the initial observation of ceruloplasmin deficiency in 
Wilson•s disease by Scheinberg, Bearn and their co-workers (19,20) in 1952, 
measurement of ceruloplasmin levels as a screening test for this disease was 
rapidly adopted by physicians worldwide. Because of the shortage of specific 
anti-sera against ceruloplasmin (19), a variety of functional oxidase assays 
(4,19) were used. Data aquired by a handful of physicians who have accumu
lated large numbers of patients referred to them for therapy of this disease 
suggested that this assay was indeed a good screen for Wilson•s disease (see 
Tab 1 e IV). 

TABLE IV 

Assessment of Hypoceruloplasminemia in Untreated Wilson•s Disease 

Investigator Patient Population Assay Technique % With Low 
Ceruloplasmin 

Gibbs and Referral patients and Oxidase 95 
Wal she ( 80) asymptomatic relatives 

Scheinberg and Referral patients and Oxidase 96 
Sternlieb (4) asymptomatic relatives 

Saito (78) Asymptomatic relatives Not stated 93 

/ 
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However, at least one of these investigators noted that while in 
control patients oxidase assays and immunoassays gave virtually identical 
results, in some patients with Wilson•s disease immunoassays gave signifi
cantly higher values for ceruloplasmin concentrations than did the oxi dase 
assays (80). It was specu lated that a circulating inhibitor of oxidase 
activity may be responsible since similar discrepancies were occasionally 
seen in liver disease controls (80). At least two other groups of investi
gators have also found that ceruloplasmin isolated from patients with 
Wilson•s disease has a lower copper oxidase activity per milligram cerulo
plasmin protein than did purified ceruloplasmin iso lated from normal 
controls (81,82) . This discrepancy was attributed initially to abnormali
ties in the protein structure of ceruloplasmin synthesized in Wilson•s 
disease; however, this finding has been refuted subsequently by studies 
showing that ceruloplasmin synthesized in Wilson•s disease is entirely 
normal in peptide sequence (83). However, circulating apoceruloplasmin, 
which has immunoreactivity similar to holoceruloplasmin but lacks oxidase 
activity, has been isolated from the sera of Wilson•s disease patients (84). 
Thus, the immunoassays routinely used to measure ceruloplasmin levels in 
most modern hospital laboratories may give relatively higher ceruloplasmin 
values in Wilson•s disease than did oxidase assays in the past, while the 
distribution of ceruloplasmin values in normal controls may remain un 
changed. The degree to which this might decrease the sensitivity of this 
assay in screening for Wilson•s disease is unclear. 

There are other reasons to suspect that at least in certain subsets of 
Wilson•s disease patients, the sensitivity of ceruloplasmin assays may be 
much less than initially predicted. By the early 1960s it became apparent 
that ceruloplasmin values were completely normal in some patients with 
Wilson•s disease. It was also observed that this usually occurred in the 
setting of active liver disease (85). A number of more recent studies 
designed to assess the sensitivity of various measures of copper metabolism 
in distinguishing Wilsonian liver disease from other forms of active liver 
disease are summarized in Table V. Low ceruloplasmin levels were detected in 
only 82% of Wilson•s disease patients with active liver disease in those 
studies, whereas 10% of liver disease controls had low ceruloplasmin levels. 
Clearly, urinary copper excretion was the most sensitive screening test in 
these studies but much less specific, unless a higher threshold (>1 00 ~g/24 
hours, or perhaps >250 ~g/24 hours) was used before Wilson•s disease was 
suspected. 

Finally, all the studies tabulated in Tables IV and V suffer from 
substantial selection bias. Since the mid-1950s, ceruloplasmin determina
tions have become the single most commonly used screening test for Wilson•s 
disease. Furthermore, there has been reticence among many physicians to 
make this diagnosis in the presence of a no rmal ceruloplasmin. Thus, it is 
likely that the true number of Wilson•s disease patients with active liver 
disease and normal cerulopl asm in levels has been underestimated. 
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2. Urinary Copper Determinations. As shown in Table V, in symptomatic 
Wilson's disease urinary copper determinations are always elevated. However, 
in presymptomatic patients urinary copper excretion may occasionally be 
normal and is rarely >250 ~g/24 hours (21). Furthermore, in the setting 
where it is most useful , in patients with active liver disease, a fair 
number of false -positives will be observed since elevated urinary copper 
excretion is observed in a wide variety of liver diseases, though rarely of 
the same magnitude as in Wilson's disease. Excess urinary copper excretion 
is also seen in the nephrotic syndrome (4). Use of penicillamine admini
stration to increase cupriuresis has not been shown to yield a superior 
diagnostic index (4) . Urinary collections should be made in copper-free 
vessels with precautions against contamination. 

3. Hepatic Copper Determinations. The only finding that definitively 
rules out Wilson's diseases is an entirely normal hepatic copper content. 
Slightly elevated copper stores are found in the livers of heterozygotes 
(39 - 213 ~g/day dry weight) but patients with symptomatic Wilson's disease 
almost invariably have >250 ~g copper/gram dry weight {normal <50). Rarely, 
hepatic copper levels between 128-250 ~g/gram dry weight have been reported 
on initial biopsy in Wilson's disease (21) . Some of these may have repre
sented sampling errors. Scheinberg and Sternlieb feel a level >250 ~g per 
gram dry weight in the liver is necessary to confirm the diagnosis of 
Wilson's disease, while values <100 ~g/gram dry weight clearly exclude this 
diagnosis. As demonstrated in Table VI, this degree of copper overload can 
be found in neon atal liver or in a variety of rare liver diseases in which 
there is diminished biliary copper excretion (4,26). Fortunately, in primary 
biliary cirrhosis and other cholestatic syndromes with increased hepatic 
copper stores, ceruloplasmin levels and radiocopper incorporation into 
ceruloplasmin have routinely been found to be normal (4,33). 

TABLE VI 

Causes of Increased Hepatic Copper 
(>250 ~g/g dry weight) 

Neonata l State 
Wilson's Disease 
Primary Biliary Cirrhosis 
Indian Childhood Cirrhosis 
Aagenes Syndrome 
Arterioductular Hypoplasia Syndrome 
Biliary Atresia 
Extrahepatic Biliary Obstruction 
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Measurement of hepatic copper requires 10 to 15 mg of wet liver (about 
2 em of needle core). This should be obtained by biopsy with a needle washed 
with EDTA and deionized water and with use of 5% dextrose in water (not 
saline) as propellant to prevent dissolution of copper from any brass in the 
needle. Since liver histology is also desired, generally two needle cores 
must be obtained. 

4. Kayser-Fleischer Rings. A slit lamp exam by an ophthalmologist is 
necessary to confirm this diagnosis. These rings are also rarely seen in 
chronic cholestatic liver disease and have been described after copper
containing foreign bodies have entered the eye (87). Rarely copper-binding 
immunoglobulins have been noted in patients with multiple myeloma (88,89). 
While copper deposits in Descemet•s membrane were noted in these patients, 
they were not seen in the typical distribution of a Kayser - Fleischer ring. 
As noted in Table V, Kayser-Fleischer rings may be absent in patients with 
active liver disease and are often absent in presymptomatic patients (21). 
However, they are said to always be present in patients with neurologic 
disease (4,45). 

5. Serum Copper. Depending on the stage of evolution of a particular 
patient•s disease, serum copper may be low, normal or elevated in Wilson•s 
disease. The only situation where isolated assessment of serum copper may be 
of value is in the setting of fulminant hepatic failure (47) or hemolysis 
(67), where in spite of low or low-normal ceruloplasmin values there is such 
an excess of non-ceruloplasmin bound copper released from the liver that 
total serum copper is paradoxically elevated. In normal individuals, serum 
copper is 90-95% ceruloplasmin-bound (25,26) whereas in Wilson•s disease, 
the fraction of non-ceruloplasmin bound copper is generally much higher. 
Therefore, if a serum copper is ordered, simultaneous ceruloplasmin levels 
should be measured and the percent of ceruloplasmin-bound copper calculated 
by the following formula: 
% ceruloplasmin-bound copper= 300 x (ceruloplasmin concen~rat~on in mg%) 

Serum copper concentrat1on 1n ~g% 
If this value is substantially <90%, or if free copper concentration (total 
serum copper - 3 x [ceruloplasmin in mg%]) is >10 ~g%, Wilson•s disease (or 
copper poisoning) must be strongly suspected. 

6. Radiocopper Incorporation into Ceruloplasmin. This assay invariably 
produces abnormal results in all cases of Wilson•s disease, but will also be 
abnormally low in any other cause of hypoceruloplasminemia (4). The value of 
this test is in the detection of Wilson•s disease in patients with normal 
ceruloplasmin levels (as shown by case history No.6 and Figure 4). The most 
common way in which this test is performed is to administer 0.4 mCi of 64cu 
in 2 mg copper as copper sulfate or copper acetate dissolved in fruit juice 
or ginger ale (not milk). It should be administered after an 8 hour fast. 
Serum samples are obtained 1, 2, 4, 24 and 48 hours later. As shown in 
Figure 4, in all individuals the maximum serum value is reached at the 
one-or two-hour point. In normal individuals, the ratio of the 48 hour level 
to the maximum level is >0.6 whereas in Wilson•s disease, this ratio is 
always less than 0.4. In heterozygotes, the slope of the incorporation curve 
and the ratio of the 48 hour value to the maximum value is intermediate to 
that of homozygotes and normals, but not all heterozygotes can be detected 
by this assay because of overlap tnto the normal or Wilsonian range (34). 
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Figure 4. Radiocopper incorporation in normal man and in carriers of the 
Wilson's disease gene (modified from Sternlieb et al, ref. 34). 

A major problem with this study is the fact that it is routinely 
performed in only a few medical centers. Therefore, to obtain radiocopper 
incorporation studies on most patients, reagents must be ordered and testing 
arranged on a special basis. If tests on normal controls cannot be arranged 
simultaneously, there is always some doubt about the reliability of the 
data. 

Attempts to use computed tomography to relate liver attenuation values 
to liver copper content have been unsuccessful (90). Similarly, nuclear 
magnetic resonance imaging has been unsuccessful in distinguishing copper 
overloaded livers from normals (91). Both computed tomography and nuclear 
magnetic resonance imaging have been able to detect hypodense areas in the 
basal ganglia of ·patients with neurologic manifestation of Wilson's disease 
( 92 ,93 ) . 
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Diagnostic Strategies 

To confirm the diagnosis of Wilson's disease, a patient should have 
either (1) low serum ceruloplasmin and some objective measure of tissue 
copper overload, i.e. hepatic copper content >250 pg/g dry weight or 
Kayser-Fleischer rings confirmed by slit lamp exam; or (2) if ceruloplasmin 
level is normal but Kayser-Fleischer rings are present or hepatic copper is 
increased, a radiocopper incorporation ratio (48 hour level/1 or 2 peak 
level) of <0.4 establishes the diagnosis. The only findings which absolutely 
rule out Wilson's disease are a normal hepatic copper content (<50 pg/g dry 
weight) or a radiocopper incorporation ratio >0.6 . Obviously, not all of 
these measurements should be obtained on every patient suspected of having 
Wilson's disease. 

Differences in diagnostic approaches must be employed in three cate
gories of patients: 

1. Symptomatic with non-hepatic abnormalities. In reality, such 
patients invariably have some degree of liver pathology and once the 
diagnosis of Wilson's disease is considered, liver function tests should be 
obtained. Other aspects of the clinical picture should be sought by 
reviewing the physical examination and any routine laboratory tests which 
have already been obtained. Such findings as abnormal transaminases, a 
palpable spleen tip, inappropriate glucosuria, hypouricemia, hypophosphat 
emia, or a mild tremor all significantly raise the index of clinical 
suspicion and should increase the rigor with which the diagnosis is pursued. 
In patients presenting with renal, skeletal or hematological manifestations, 
urinary copper excretion is invariably high so that a 24 hour urine copper 
excretion of <100 pg/24 hours effectively rules out Wilson's disease. 

In patients <60 years of age with neuropsychiatric presentations 
suggestive of Wilson's disease, the physician should look for evidence of 
active liver disease. If active hepatic disease is not readily apparent, 
either measurement of serum ceruloplasmin levels (Table IV) or slit-lamp 
examination for Kayser-Fleischer rings should detect Wilson's disease with 
>95% sensitivity, and if either is absent, the diagnosis is very unlikely. 
If both are present, the diagnosis of Wilson's disease is certain . If 
ceruloplasmin is >20 but Kayser-Fleischer rings are present, liver biopsy 
for histology and quantitative hepatic copper determinations should be 
obtained. 

2. Symptomatic patients with active liver disease. In patients with 
liver disease and no other apparent organ involvement likely to be secondary 
to Wilson's disease, decisions regarding screening for Wilson's disease are 
the most difficult. As indicated in Figure 3 and Table II, most but not all 
patients in this category are <35 years of age. Thus, in patients >35 years 
of age, measurements of copper metabolism should be obtained only selec
tively. Clearly, if a patient has a tremor or dystonia, a psychiatric 
history, renal tubular defects, liver biopsy findings suggestive of Wilson's 
disease, or perhaps simply no other likely cause of liver disease, screening 
for Wilson's disease should be performed as in the younger patient. In 
patients <35 years of age with acute severe liver disease, the presence of 
unexplained hemolytic anemia, hypouricemia, hypophosphatemia , or simply 
unusually low alkaline phosphatase or transaminase values in proportion to 
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the severity of the disease should prompt evaluation for Wilson•s disease. 
Liver biopsy often cannot be obtained because of coagulopathies, but in 
addition to ceruloplasmin levels, slit-lamp exam for Kayser-F leischer rings 
and urinary copper determinations; assessment of total and non-ceruloplasmin 
bound serum copper may be especially useful (47). As detailed in the next 
section, quite unique therapeutic options may need to be considered if a 
diagnosis of Wilson•s disease is made in this situation. 

Patients <35 years of age with chronic liver disease. This grDup 
constitutes the largest disease group in which some form of routine screen
ing for Wilson•s disease needs to be considered (94). Clearly, all patients 
in this category with idiopathic liver disease need to be assessed, since as 
many as 5% (94) may have Wilson•s disease. Furthermore, as indicated by the 
data summarized in Table V, more than one screening test may be indicated. 
While 24 hour urinary copper >100 ~g is the most sensitive screening tool, 
in practice difficulties in verifying the accuracy of ~ollection of such 
specimens makes the results of this test less certain. Therefore, probably 
every patient with chronic liver disease of onset at >5 and <25 years of 
age, and every patient wi th idiopathic l i ver disease of onset at <35 years 
of age should have measurement of serum ceruloplasmin and 24 hour urinary 
copper excretion. Patients in whom a presumptivP. diagnosis of chronic non-A, 
non-B viral hepatitis or alcoholic liver disease has been made present 
special problems. It must be remembered that virtually all liver biopsy 
changes caused by either of these diseases can be seen in Wilson•s disease 
as well. Furthermore, there are no pathognomonic biopsy or laboratory tests 
which help in making either diagnosis. Finally, alcohol consumption and 
recreational drug use are of sufficient prevalence among adolescents and 
young adults in this country that many patients with Wilson•s disease, 
especially those with the behavioral disturbances so commonly described in 
this disease, are likely to present with this epidemiology as part of their 
history. In most of these patients, at least one screening test for Wilson•s 
disease should be performed. 

In patients with liver disease and urine copper excretion of >100 
~g/day or ceruloplasmin <20, liver biopsy for histology and hepatic copper 
determination is recommended if not contraindicated (4). For those in whom 
liver biopsy is contraindicated, if Kayser-Fleischer rings are present and 
ceruloplasmin is <20, the diagnosis is virtually certain . If Kayser
Fleischer rings are present and ceruloplasmin is >20, radiocopper incorpo
ration studies should confirm the presence or absence of Wilson•s disease. 

3. Evaluation of presymptomatic patients. All siblings and children of 
patients with diagnosed Wilson•s disease should be evaluated at either the 
earliest opportunity or in the case of neonates, the evaluation should be 
deferred until at least 6 months of age, but performed before age 5 if 
possible. History, physical examination, slit lamp examination, liver 
function tests and ceruloplasmin levels shou ld be obtained in all cases 
(4,21). If all findings are within normal limits, no further evaluation 
should be immediately pursued, but the patient should be admonished to 
return for further investigation if any hepatic or neurologic symptoms 
develop. If ceruloplasmin is low, the diagnosis is far from certain since up 
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to 20% of heterozygotes have hypoceruloplasminemia. The presence of Kayser
Fleischer rings makes the diagnosis of Wilson•s disease a virtual certainty, 
but if they are absent in the setting of abnormal transaminases or a low 
ceruloplasmin value is noted, liver biopsy and hepatic copper determinations 
need to be obtained. 

Physicians considering the diagnosis of Wilson•s disease will find 
themselves most commonly in the position of 11 ruling out .. this diagnosis. 
However, in the situation where a physician suspects he has diagnosed this 
disease, the importance of firmly establishing the diagnosis cannot be 
overemphasized. As will be outlined in the next section, treatment for this 
disease requires life-long use of drugs with multipl e side effects. Further
more, following long-term treatment with penicillamine, it may be impossible 
to make the diagnosis of Wilson•s disease except on the basis of history. 
Yet withdrawal of therapy may precipitate irreversible hepatic failure in 
patients who truly have this disease. 

Treatment of Wilson•s Disease 

As detailed in Table VII, over the past four decades a variety of 
agents has become availabl e for treating Wilson•s disease. As shown in 
Figure 5, with the exception of oral zinc therapy, the majority of these 
agents act by binding of copper and eventual excretion into the urine. 

TABLE VII 

Agents Used in the Treatment of Wilson•s Disease 

Chelating Agents 

BAL (2,3-dimercaptopropanol) 
Penicillamine 
Trien (triethylene tetramine dihydrochloride) 
Unithiol (2,3,-dimercaptopropane-1-sulphonate sodium) 

Inhibitors of Copper Absorption 

Zinc 
Tetrathiomolybdate 

Others 

L-dopa 
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Ceruloplas min 
Bound 

Serum Copper I ncreased by Penicillamine, BAL, Trientine, Unithiol 

Decr eased 
by 

Zin c 

.__~====~-Increased 

Normals- 2mg/d 
Wilson' s - 1.2-1.4 m~;~/d 
Disease 

1.0 mg/ day by 
Lost wit h Zinc 
sheddin~;~ of 
epithel ial cell s 

~ t Urinary Copper 

Normals-< 0.04mg /d 
Wilson's- > 0 . 1 m~;~ /d 
Disease 

Figure 5. Mechanisms of action of drugs used in the treatment of Wilson• s 
disease . 

Penicillamine Therapy 

The discovery of the efficacy of penicillamine therapy in this disease 
by John Walshe in the mid - 1950s has clearly revolutionized therapy for 
Wilson•s disease. As detailed in Table VIII, such therapy is unfortunately 
associated with a broad range of side effects . However, side effects, 
especially with respect to drug-induced nephrotic syndromes, are seen less 
frequently with 0- penicillamine than with the mixture of 0- and L- penicil 
lamine which was originally used (4 , 45). Furthermore, the rate of early 
complications seen wi th penicillamine therapy fo r Wilson•s disease is 
reportedly less than that ob served when this agent is used to treat rheuma
toid arthritis (4). 
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TABLE VII I 

c·omplications of Penicillamine Therapy 

Early 

Fever 
. Rash 

Lymphadenopathy 
Granulocytopenia 
Thrombocytopenia 

Late 

Nephrotic Syndrome 
Systemic Lupus Erythematosus 
Thrombocytopenia 
Goodpasture•s Syndrome 
Penicillamine Dermatopathyl 
Elastosis Perforans Serpiginosa 
Pemphigus 
Lichen Planus 
Aphthous Stomatitis 
Anaphylaxis2 
Myasthenia Gravis 
Loss of Taste 
Decreased IgA Levels 

lseen only in patients taking >2 grams/day 
2seen after penicillamine therapy discontinued, then reinstituted 

Major early sjde effects of penicillamine therapy such as fever, 
lymphadenopathy, rash, leukopenia or thrombocytopenia, occur in up to 20% 
of patients. In all such cases it is recommended that the drug be immedi a
t ely" stopped unti 1 the reaction subsides. In patients with fever, rash or 
lymphadenopathy, after resolution of symptoms, reinstitution .of low dose 
penicillamine in conjunction with corticosteroids has been reported to be a 
frequently successful desensitization technique. Most such patients can 
eventually be maintained on life-long penicillamine in the absence of 
corticosteroids (4). 

Marrow suppression is a much more serious, though fortunately less 
frequent .complication. Sternl ieb and Scheinberg have r·eported successful 
desensitization to penicillamine in about half of such patients. However, in 
the patient with significant evidence of penicillamine-induced granulocyto-

•. penia (beyond that s~en secondary to underlying hypersplenism), many 
physicians would consider use of an alternative agent such as triethylene 
tetramine dehydrochloride (Trien). Thus, before initiating therapy in 
Wilson•s disease, base-line leukocyte and platelet counts should be obtained 
along with a base-line urinalysis. In most adults, 1 gram per day of D-peni
cillamine administered in 2 to 4 divided doses is sufficient to .induce 
negative copper balances. Doses are best absorbed if given on an empty 
stomach (one-half hour before or two hours after a meal) and optimal 
cupriuresis is obtained if administered before oral ingestion of copper, 
i.e. before meals. Copper excretion should be measured after institution of 
therapy with doses adjusted to achieve about 2 mg/day in the early phases of 
therapy. In some patients, the dosage of penicillamine may need to be 
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increased to 1.5 or 2 grams/day to achieve this level of copper excretion. 
For the first month of therapy a weekly CBC and urinalysis should be 
ob tained and the patient should be warned to report any fever or rash 
immediately. If no acute complications of therapy are noted, monthly 
follow-up during the first year of therapy and then .three to six month 
interval follow- ups are generally satisfactory. Continued documentation of 
adequate decoppering treatment is recommended and can be assessed by (1) 
resolution or stabilization of symptoms , (2) resolution of Kayser-Fleischer 
rings, and (3) measurement of urinary copper excretion. After satisfactory 
copper depletion is attained, urine copper excretions greater than 1 mg/day 
usually denote erratic compliance. 

As an adjunct to penicillamine therapy, pyridoxine supplements should 
be administered because of the anti - pyridoxine effect of the drug (95). 
Patients should be told to avoid eating excessive quantities of foods rich 
in copper, such as liver, chocolate, nuts, mushrooms and shellfish. However, 
more rigorous dietary copper restriction is generally not necessary. In 
stable patients , penicillamine dosage should be reduced to 250 mg per day 
for several weeks before and after major surgery to facilitate wound 
healing. 

Triethylene Tetramine Dihydrochlorid~ 

The discovery of triethyl en e tetramine dihydrochloride (trien) as 
successful alternate chelatio n therapy for Wilson•s disease can also be 
credited to John Walshe. He has demonstrated that trien induces a signifi
cant cupure sis in copper overload patients which is comparable to that 
achieved by penicillamine if adequate doses are used (as penicillamine is 
more active than trien on a molar basis). Furthermore, he has recently 
reported his experience with 20 patients treated with trien (97). Ability to 
initiall y decopper patients and induce remission of neurologic or hepatic 
symptoms appeared comparable to that of penicillamine. In patients with a 
variety of early or late toxic reactions to penicillamine, only two with an 
11 SLE-like syndrome 11 had recurrent or persistent symptoms after switching to 
trien therapy. The only new side effect which was observed was an increased 
incidence of iron deficiency which was corrected by administering oral iron 
doses at least 4 hours apart from trien doses. Trien is administered in 
doses of 400 or 800 mg three times a day before meals. Trien (brand name 
Cuprid, Merck, Sharp and Dohme, Inc.) is currently still under evaluation by 
the FDA Office of Orphan Products. However, clinical trials in the USA are 
in progress under the supervision of Dr. I. Herbert Scheinberg, Albert 
Einstein College of Medicine, Bronx, New York, and he should be contacted if 
a penicillamine intolerant patient is felt to be a candidate for this drug. 

BAL (British anti-Lewisite, 2,3-dimercaptopropanol) 

This drug is now largely but perhaps not entirely of historical 
interest. It is available as a 10 per cent suspension in plant oil for 
intramuscular injection . Its tendency to cause intramuscular abscess and 
hematoma formation in addition to multiple hypersensitivity reactions makes 
it an impractical agent for chronic therapy. However, Sternlieb and Schein
berg recommend using BAL as an adjunct to penicillamine therapy in patients 
with severe dystonia (4). BAL, in contrast to penicillamine , is unchanged, 
and therefore is thought to more easily cross vascular and cellular rnem-
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branes and gain access to excess copper within the brain. BAL is admini
stered as a 3 ml intramuscular injection in alternating sites in the 
buttocks. It is usually given three to five times per week for a maximum of 
one to two months. It cannot be used in patients with abnormal prothrombin 
time or severe thrombocytopenia because of bleeding complications at 
injection sites. 

Oral Zinc 

In 1961, the Dutch neurologist Shouwink (98) reported some preliminary 
results of the use of oral zinc therapy in the treatment of patients with 
Wilson's disease. Eighteen years later, Hoogenraad et al described success
ful long-term treatment in one of Schouwink's original patients (99) and 
subsequently reported successful use of oral zinc as the sole agent in the 
treatment of a total of four patients (100). All of these patients had at 
least short courses of penicillamine as part of their initial therapy, but 
in at least one of these patients, adequate decoppering was clearly not 
achieved prior to institution of zinc therapy. Brewer et al (101) have 
described recently an additional five patients who, while initially depleted 
of copper with penicillamine, were shown to be maintained in neutral or 
negative copper balance on oral zinc alone. Walshe, however, has had a very 
negative experience with this agent in three of four patients in which he 
tried oral zinc as an alternative to penicillamine (102). In two of these 
patients, zinc could not be tolerated secondary to severe epigastric burning 
pains and vomit ing. In the third patient, hepatic copper levels and serum 
transaminases increased in spite of a year of apparently adequate zinc 
intake. Both Brewer et al and Hoogenrood et al have shown that oral zinc 
therapy causes markedly increased fecal copper excret ion without apparent 
effect on renal copper loss. Based on animal data (103), oral zinc appears 
to induce negative copper balance through its ability to induce increased 
synthesis of metallothionein in gut epithelial cells. If oral copper or 
copper in endogenous secretions is found to metallothionein, it is not 
transported into the systemic circulation but rather remains in the epi
thelial cells until they are shed and the copper excreted into the feces. 
Zinc is administered as zinc sulfate or as zinc acetate (which is said to 
cause less gastrointestinal side effects) in 3 to 5 divided doses which 
correspond to 150 mg of elemental zinc per day. 

At present zinc therapy would appear to be an alternative form of 
therapy in patients who have been satisfactorily depleted of excess copper 
by standard chelation therapy . However, the efficacy of this agent as the 
sole form of therapy in the untreated symptomatic patient is unclear. Even 
when used in stable patients, its use must be considered experimental and 
copper balance must be followed carefully by objective means (physical exam, 
monitoring of Kayser -Fleischer rings, repeat hepatic copper determinations, 
etc.). 
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Other Agents 

Unithiol (2,3-dimercaptopropane-1-sulphonate sodium salt) is a water
soluble analogue of BAL which can be administered intravenously. Walshe has 
reported successful maintenance therapy of a single patient over a two year 
period with this agent (28). In two other patients, it had to be discon
tinued because of a febrile response in one and because of intolerable 
gastrointestinal side effects in the second. 

Tetrathiomolybdate therapy in a var iety of mammals induces copper 
deficiency through effects on copper balance that are similar to those of 
zinc therapy (104). Walshe has reported successful therapy of one patient 
with ammonium tetrathiomolybdate but because of effects on bone growth in 
animal studies, he recommends that this agent should be used only in adults 
(105). In patients with residual dystonia, in spite of conventional peni
cillam i ne therapy addition of L-dopa to, and removal of pyridoxine from the 
therapeutic regimen has been reported to be of benefit in some patients 
(4,106). 

Surgical Therapy 

Portosystemic shunt surgery. Sternlieb, Scheinberg and Walshe have 
reported their combined experience with splenorenal and portacaval shunts in 
the management of patients with bleeding esophageal varices (107). Such 
surgery was successful in preventing recurrent hemorrhage, but a high 
percentage of patients suffered major and often fatal neurologic deteriora
tion after either type of surgical procedure. Only 2 of 17 patients were 
considered to have done well postoperatively. It is therefore recommended 
that variceal hemorrhage be managed by non-operative techniques whenever 
possible in patients with Wilson•s disease. 

Orthotopic Liver Transplants 

Liver transplantation corrects the underlying defect in copper meta
bolism in Wilson•s disease and has been reported to have very gratifying 
results in a number of patients (108). At present three categories of 
patients are considered to be candidates for liver transplant (48). 

TABLE IX 

Candidates for Liver Transplant in Wilson•s Disease 

1. Patients presenting with fulminant hepatic failure or previ
ously treated patients who develop a similar syndrome of se
vere, progressive hepatic insufficiency and hemolysis after 
discontinuing penicillamine therapy. 

2. Young patients with severe hepatic decompensation who have 
failed to improve after 2 to 3 months of adequate chelation 
therapy. 

3. Patients with severe neurologic disease who prove intolerant 
of all forms of medical therapy. 
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Therapy During Pregnancy 

Sternlieb and Scheinberg have analyzed the courses and outcomes of 104 
pregnancies in 69 women with Wilson's disease and 34 pregnancies fathered by 
14 male patients (4,109). Only two infants were judged to have abnormalities 
possibly attributable to penicillamine therapy. One infant, whose mother 
received 1.5 g per day of penicillamine during pregnancy had cutis laxa at 
birth but this had resolved by 2 months after birth. A second infant had a 
"pansystolic bruit, suggestive of a ventricul ar septal defect" at birth but 
had a normal exam at 9 weeks of age. 

In four pregnancies a decreased dose of penicillamine or discontinua
tion of this ther apy was associated with hemolysis or worsening liver 
functions in the mother. One such patient eventually died of liver failure. 
It is therefore recommended that during pregnancy, penicillamine therapy be 
maintained at 1 g/day except in the case of anticipated caesarean section 
where it should be reduced to 250 mg/day six weeks prior to anticipated 
delivery. Walshe has reported no complications in six pregnancies on trien. 
No data has yet been acquired on the effects of high dose zinc dur i ng 
pregnancy . 

In two of the 104 pregnancies reported by Sternlieb and Scheinberg, the 
child was found to have Wilson's disease in spite of no apparent con
sanguinity in the marriage. Clearly, all children of Wilson's disease 
patients need to be screened for the disease and the expected 0.5% incidence 
of this occurrence should be explained in prenatal counseling. The one 
category of patients likely to be subject to unusual risks from pregnancy in 
this disease are female patients with known portal hypertension in whom the 
risk of variceal hemorrhage rises during pregnancy. 

Conclusion 

In summary, multiple modalities of effective therapy are now available 
for the syndrome of progressive lenticular degeneration first described by 
S. A. K. Wilson more than 70 years ago. This is the case in spite of the 
fact that the basic molecular defect that links the defective incorporation 
of copper into ceruloplasmin and the defective biliary excretion of copper 
has not yet been elucidated. At present, the major challenge facing 
physicians with respect to Wilson's disease is the recognition and diagnosis 
of a disease which is rare but nevertheless must be considered frequently 
bec ause of its protean manifestations. 
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